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ABSTRACT 
Three  f a r  i n f r a red  de tec to r s ,  t he  InSb  ho t  e l ec t ron  bo lomete r ,  t he  G a A s  
Schot tky diode and the  Josephson poin t  contac t  junc t ion ,  have  been  incorpora ted  
as mixers i n t o   s e n s i t i v e   h e t e r o d y n e   s y s t e m s .  The performances  of  existing 
he te rodyne  r ece ive r s / r ad iomete r s  u s ing  these  de t ec to r s  are  descr ibed  and 
compared.  Other  applications  of  submill imeter  heterodyne  techniques are 
d iscussed .  
I INTRODUCTION 
Over t h e  l a s t  few y e a r s  t h r e e  f a r  i n f r a r e d  d e t e c t o r s  ( r e f .  1) have  been 
deve loped  in to  use fu l  mixe r s  t ha t  are p resen t ly  be ing  used  in  a number  of 
appl ica t ions :   InSb,   the  G a A s  Schot tky  diode,   and  the  Josephson  junct ion.  
InSb,  which acts  by way of a h o t  e l e c t r o n  mechanism, has  shown i t s e l f  t o  b e  a 
h igh ly  sens i t i ve  he t e rodyne  de tec to r  be tween  1 mm and 600 p m .  Its very low LO 
requirement permits a v a r i e t y  of tunable  klystron harmonics  to  be used,  and the 
needed low temperature  environment  has  not  been par t icular ly  t roublesome.  
InSb ' s  ou t s t and ing  l imi t a t ion  is i ts  s low re laxa t ion  t i m e  (10-7 s e c )  , l ead ing  
t o  a quite narrow IF bandwidth of 1-2 MHz. 
The GaAs Schottky diode has proved to be a h i g h l y  u s e f u l  room temperature 
mixer over a wide  spec t ra l  range  wi th  exceedingly  broad  band I F  c a p a b i l i t y  
l i m i t e d   t o  40 GHz only  by I F   c i r c u i t   p a r a m e t e r s   ( r e f .  2 ) .  I n   t he  millimeter 
r eg ion  it has been engineered to  a h igh  state of p e r f e c t i o n  i n  low no i se  
r e c e i v e r s  and rad iometers ,  whi le  a t  submil l imeter  wavelengths  it is j u s t  
becoming a p r a c t i c a l  m i x e r  when used  in  conjunct ion  wi th  quas i -opt ica l  
techniques.   For   example,   f igure 1 shows the   des ign  of the   L incoln   Labora tory  
quas i -opt ica l  d iode  mount t ha t  cove r s  t he  r ange  1 rmn to  100 p m  with 
appropr i a t e ly  sca l ed  an tenna  l eng ths  ( see  r e f .  i n  t ab le  I, Fetterman e t  a l . )  
A t  the  lower  f requencies  the  mixer design problem is r e l a t i v e l y  much easier 
inasmuch as waveguide techniques can be employed, and harmonics of tunable  
k lys t rons   can   be   used  as l o c a l  o s c i l l a t o r s .  A t  f a r   i n f r a r e d   w a v e l e n g t h s ,   t h e  
much more  cumbersome o p t i c a l l y  pumped f a r  i n f r a r e d  lasers are used as LOs, and 
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t h e i r  f i x e d  f r e q u e n c y  o u t p u t  makes t h e  wideband I F  capab i l i t y  o f  t he  Scho t tky  
d iode  impera t ive .  
The superconduct ing  poin t  contac t  or  Josephson junc t ion  ( JJ )  is a l s o  j u s t  
be ing   readied  as a mixer in   r ad iomete r s   fo r   f i e ld   expe r imen t s .  The p lanar  
superconductor-insulator-superconductor (SIS) junc t ion  has  not  ye t  been  
operated  beyond mm f r equenc ie s   ( r e f .   3 ) .  JJ rece ive r   sys t ems   have   exce l l en t  
s e n s i t i v i t y ,  b u t  t h e i r  o p e r a t i o n a l  r e s t r i c t i o n  t o  l i q u i d  H e  temperature  and the  
a t tendant   t empera ture   recyc l ing   could   be   t roublesome.  One great   advantage of 
JJs is the i r  exceed ing ly  low Lo requirement .  They have a moderate  IF  bandwidth 
of around 100 MHz. 
11. FAR IR HETERDOYNE RADIOMETERS/RECEIVERS 
Table  I l i s t s  a l l  the  cu r ren t ly  ope ra t iona l  he t e rodyne  r ad iomete r /  
r e c e i v e r  sys t ems  from  1.3 mm (230 GHz) to   119  p m  (2521 GHz). The do t s  ( 0 )  
d e n o t e   t h a t   t h e   d e t e c t o r  w a s  cooled. Some estimates and i n t e r p o l a t i o n s  were 
made from t h e  i n f o r m a t i o n  r e p o r t e d  i n  t h e  l i t e r a t u r e  i n  o r d e r  t o  a c h i e v e  
moderate  compactness  of  the  data. 
The DSB systems noise  temperatures  f rom table  I are  p l o t t e d  in f i g u r e  2 
as a func t ion  of  wavelength. The s o l i d  o r  h a l f - s o l i d  p o i n t s  r e p r e s e n t  low t e m -  
perature   measurements ,   the   open  points  room temperature   operat ion.  The range 
o f  cu r ren t ly  r epor t ed  bes t  va lues  of DSB system temperature  a t  3 mm fo r  bo th  
coo led  ( so l id  ba r )  and  uncooled  (open  bar)  mixers are a l s o  shown f o r  compari- 
son. For room tempera ture   mixers   there  is a r o u g h l y  l i n e a r  t r e n d  w i t h  u n i t y  
s l o p e ;  t h e r e  is no f u n d a m e n t a l  b a s i s  f o r  t h i s ,  b u t  i t  is n e v e r t h e l e s s  a n  
i n t e r e s t i n g  g u i d e ,  e s p e c i a l l y  s i n c e  a l l  t h e  room temperature  mixers  are G&S 
Schottky diodes.  
The p l o t  shown i n  f i g u r e  2 makes no a l lowance  for  the  ins tan taneous  band- 
wid th  ava i lab le  wi th  each  de tec tor  when e s t ima t ing  s igna l - to -no i se  r a t io s  
obta inable  f rom observa t ion  of sources  whose s p e c t r a l  f e a t u r e s  are moderately 
broad. To the   ex ten t   t ha t   t he   obse rved   ob jec t   exceeds  1 MHz i n   s p e c t r a l   w i d t h ,  
performance of the broad band Schottky diodes increases proportionally as com- 
pared   wi th   the  1 MHz wide  InSb  detectors.  In other   words,   in   the  InSb case a 
s ing le  pos t -de t ec t ion  channe l  must be  scanned  sequent ia l ly  across  the  spectral  
l i ne ,  wh i l e  w i th  the  Scho t tky  d iode  the  b road  band I F  can feed a multi-channel 
f i l t e r  bank,  thus integrat ing over  the whole spectral  f ea tu re  s imul t aneous ly .  
Of c o u r s e ,  i f  t h e  s i g n a l  i n t e n s i t y  is so small as t o  g i v e  o n l y  a margina l ly  
usab le  S/N r a t io  wi th  InSb ,  t hen  no s p e c t r a l  c h a r a c t e r i s t i c s  would be re- 
so lvable   wi th   Schot tky   d iodes .   This  is e s p e c i a l l y  t r u e  a t  the   ve ry   sho r t  
wavelengths  where  opt ica l ly  pumped lasers must be  used as LOs, and  the  system‘s 
s t a b i l i t y  o v e r  l o n g  i n t e g r a t i o n  times has   ye t   to   be   demonst ra ted .  In the  case 
o f  supe rconduc t ing  junc t ions ,  w i th  the i r  -100 MHz bandwid th ,  t he  s i t ua t ion  
f a l l s  somewhere in  be tween ,  bu t  c lose r  t o  the  Scho t tkys .  
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111. OTHER HETERODYNE APPLICATIONS 
Tunable  Far  Infrared Sources  
Low power ( -10-7 W) tunable  sources  are now avai lab le  throughout  the  sub- 
millimeter reg ion  by  means  of tunable   s ideband  generat ion.  In  such  schemes a 
tunab le  millimeter k l y s t r o n  o r  t u n a b l e  microwave source is mixed wi th  a f ixed  
f r e q u e n c y  o p t i c a l l y  pumped f a r  i n f r a r e d  laser i n  a G a A s  Schot tky diode (refs .  
4 ,  5 ) .  The narrow  l inewidths  of these   s ideband  sources  make them q u i t e  s u i t -  
a b l e   f o r   f a r   i n f r a r e d   s p e c t r o s c o p y .   I n   o n e   p a r t i c u l a r l y   s o p h i s t i c a t e d   a r r a n g e -  
ment, shown i n  f i g u r e  3 ,  t h e  d e t e c t o r  i n  t h e  f a r  I R  spec t romete r  cons i s t s  of a 
complete heterodyne receiver t h a t  u t i l i z e s  as LO t h e  same laser with which the 
source   s idebands  are genera ted   ( re f .  5 ) .  
Planar Diode Technology 
In  the  nex t  gene ra t ion  o f  Scho t tky  d iode  de tec to r s ,  d i sc re t e  wh i ske r  con- 
t ac t  diodes will be supplanted by a new type of device  -- t he  p l ana r ,  su r f ace -  
or iented  Schot tky  diode.   This   device is  f a b r i c a t e d  by  means of photo l i tho-  
graphic  techniques  in  conjunct ion  wi th  ion  implanta t ion  and proton bombardment 
( r e f .  6 ) .  Figure 4 shows a s impl i f i ed   ske t ch  of a whisker   contact   d iode and a 
planar   diode.  The su r face -o r i en ted   cha rac t e r  of the   p lanar   d iode  is c l e a r l y  
e v i d e n t  i n  t h a t  b o t h  ohmic connec t ing  contac ts  are brought  ou t  in  the  same sur- 
f ace  p l ane .  A photomicrograph  of a s i n g l e  d i o d e  is shown i n  f i g u r e  5, one of 
d iodes  is p resen t ly  l imi t ed  by i n e f f i c i e n t  c o u p l i n g  of r a d i a t i o n  i n t o  them, 
they  are used routinely in high-order harmonic mixing and d i r ec t  he t e rodyne  
experiments  between 1 mm and 100 pm. They are more rugged and r e l i a b l e ,  and 
u l t i m a t e l y  w i l l  lend themselves  to  mass f a b r i c a t i o n  of i n t eg ra t ed  an tennas ,  
mixer  diodes and I F  a m p l i f i e r s  on t h e  same chip ,  and  to  a r ray  conf igura t ions  
fo r  he t e rodyne  imag ing  in  the  f a r  i n f r a red .  
. many devices  made on a s i n g l e  G a A s  ch ip .   A l though   t he   s ens i t i v i ty  of p l ana r  
Frequency Standards 
It is genera l ly  des i rab le  to  measure  f requencies  of v i s i b l e  lasers i n  
terms of  microwave  standards.   This  has  been  possible  with  the  metal-oxide- 
metal (MOM) diode,  which  can mix v i s i b l e  lasers with harmonics of f a r  I R  lasers, 
which i n  t u r n  are locked  to   microwave  s tandards  ( ref .  7 ) .  Two improvements 
over  such a scheme  would be  advantageous: a replacement of t he  MOM diode by a 
more reproducib le  and s tab le  mixing  e lement ,  and  the  e l imina t ion  of t he  cha in  
o f  i n t e r m e d i a t e  f a r  I R  lasers. 
One s t e p  in  such  a d i r ec t ion  has  been  the  mix ing  of a He-Ne laser with a 
cw dye laser with approximately 80 GHz f r e q u e n c y  o f f s e t  i n  a reverse-biased 
G a A s  Schot tky  diode  ( ref .  8 ) .  The b e a t   f r e q u e n c y   d e t e c t o r   i n   t h i s  case w a s  a 
s e n s i t i v e  80 GHz he te rodyne   rece iver .  Thus la rge   f requency   d i f fe rences   be tween 
lasers emi t t i ng  in  t h e  v i s i b l e  c a n  b e  d e t e r m i n e d  w i t h  t h e  h i g h  a c c u r a c y  i n h e r -  
en t  i n  he t e rodyn ing  t echn iques .  
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Another step has been the high-order harmonic mixing of a s t a b i l i z e d  X- 
band source with a f a r  I R  laser i n  a planar  Schot tky diode -- e.g., most 
recent ly  the  145th  harmonic  of 12 GHz wi th  a 170 p m  formic  ac id  laser ( r e f .  9 ) .  
The d e s i r a b i l i t y  o f  ex tend ing  th i s  t o  10 p m  or even 1 p m  is obvious. 
F i n a l l y ,  it has  been  poss ib le  to  ex tend  the  GaAs diode mixer ope ra t ion  up 
t o  30 THz ( r e f .  10). Two laser l i n e s  i n  t h e  10 p m  regime  from a s i n g l e  s t a b i -  
l i z e d  laser cavi ty ,  which  inc luded  two c e l l s  f i l l e d  w i t h  C02 and i so topic  C02, 
r e s p e c t i v e l y ,  were mixed in   both  whisker   point   contact   and  planar   diodes.   Fig-  
u r e  6 shows the  he te rodyne  s igna l  produced  a t  15.6 GHz, with second heterodyn- 
ing  wi th  a microwave LO down t o  a 50 MHz I F  t a k i n g  p l a c e  e i t h e r  i n  t h e  S c h o t t k y  
d i o d e  i t s e l f  o r  i n  a n  e x t e r n a l  microwave  mixer  diode.  Further  experiments are 
underway t o  c l a r i f y  t h e  m i x i n g  p r o c e s s  a t  t hese  h igh  f r equenc ie s ,  which  could 
b e  RC ro l l -o f f  of thermionic  emiss ion  or  perhaps  f ie ld  emiss ion .  
I V .  SUMMARY 
T h r e e  f a r  i n f r a r e d  
mixe r s  t ha t  are p resen t  
heterodyne detectors have been 
ly  be ing  used  in  rad io  as t ronom 
deve loped  in to  use fu l  
o t h e r   a p p l i c a t i o n s .  The lowest   system  noise   temperatures   have  been  obtained 
wi th   t he   l i qu id   he l ium  coo led  InSb  hot   e lectron  bolometer .  Its p r i n c i p a l  
drawback i s  the narrow IF bandwidth of 1-2 MHz imposed  by t h e  slow e l e c t r o n  
r e l a x a t i o n  time. The supe rconduc t ing   po in t   con tac t  or Josephson  junc t ion  will 
probably approach this  performance,  with somewhat less convenience  and  perhaps 
less r e l i a b i l i t y ,  b u t  w i t h  - 100 MHz bandwidth.  Both  InSb  and  the JJs r e q u i r e  
extremely l i t t l e  LO power (microwatts) .  
i c a l  e x p e r i m e n t s  and 
The exceedingly impressive performance obtained earlier from G a A s  Schottky 
d iodes  a t  3 mm [room temperature  T (system) DSB - 300'K; cooled T (system) DSB 
200'KI i s  gradual ly   be ing   ex tended   to   shor te r   wavelengths   [a t  1 mm, T (system) 
DSB -2000 K ] .  The two pr inc ipa l   advantages  of G a A s  Schottky  diode  mixers are 
room tempera ture   opera t ion   and ,   inherent ly ,   un l imi ted  I F  bandwidth.   Further 
ex tens ion  of Schot tky diode mixers  in  heterodyne systems to  wavelengths  as  
s h o r t  as 119 p m  has  a l so  been  recent ly  accompl ished  us ing  quas i -opt iona l  
t e c h n i q u e s ,  w i t h  p e r f o r m a n c e  f a l l i n g  o f f  r o u g h l y  l i n e a r l y  w i t h  i n c r e a s i n g  
f r equency .   In   o rde r   t o   fu l ly   u t i l i ze   t hese   advances   i n   de t ec to r   t echno logy   fo r  
va r ious  r ad iomet r i c  app l i ca t ions ,  i t  is now d e s i r a b l e  t o  a c h i e v e  e q u a l  
progress  in  the devlopment  of t u n a b e  f a r  i n f r a r e d  LOs, e s p e c i a l l y  s o l i d  s ta te  
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Figure 1.- Quasi-optical 90 -corner reflector diode mount. 0 
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Figure 2.- Performance  of operational  heterodyne  receiver/radiometer  systems 
above 230 GHz. The solid ( 0 )  or half-solid (0,a) points represent  low 
temperature results. The  ranges of the best 100 GHz room temperature (11) 
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Figure 3 . -  Sketch of tunable  sideband  submillimeter  spectrometer.  Sideband  generator 
and heterodyne receiver each use a Schottky diode mixer. In the particular example 
shown, C02 laser excites molecules under study in absorption cell  while tunable 
submillimeter radiation provides high resolution spectrum of exc i ted  s ta te .  
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Figure 4.- Ske tch  of  whisker  contac t  d iode  (a) and Planar  d iode  (b) - In Planar  d iode  
both  ohmic con tac t s  are brought  out  i n  same s u r f a c e  plane. 
I 
Figure  5.- Photomicrograph of a p l ana r ,  su r f ace -o r i en ted  d iode .  
Figure 6.- Beats between two C 0 2  lasers i n  t h e  1 0  Vm regime obtained with a GaAs Schottky diode. 
Second down-conversion t o  a 50 MHz IF  i s  p roduced  e i the r  i n  the  Scho t tky  d iode  i t s e l f  or i n  
an e x t e r n a l  microwave diode. 
